We have measured the NC-AFM frequency shift dependence on the X-ray energy around the Au L 3 absorption edge energy.
Introduction
Recent developments in SPM (Scanning Probe Microscopy) have provided us a clear atomic scale image of the surface. STM (Scanning tunneling microscopy) and AFM (Atomic force microscopy) are the typical examples of the SPM family.
Oxide surfaces like TiO 2 are successfully visualized by STM and catalytic processes on those surfaces are investigated well. However, STM experiment requires an electric conductivity because it uses a tunneling current to observe sample surfaces. In order to apply SPM to many other oxide surfaces which have little electric conductivity, AFM is another choice, but is not an easy technique because of the lack of the simplicity on the distance dependency of the atomic force between an AFM tip apex and a surface, compared to the tunneling current in the STM experiments. The AFM tip is attached to a cantilever beam which is deflected by the force acting on the tip. When the tip apex contact to the sample surface and scans laterally, the tip feels repulsive force from the surface and consequently surface roughness is imaged according to the cantilever deflection. However, the direct contact between the tip apex and the surface sometimes damages heavily both structures during the measurements. Thus AFM with the direct contact is difficult to image real atomic arrangements of the surface.
NC-AFM (Non-contact AFM) or DFM (Dynamic force microscopy) is a new device to detect much weaker attractive interaction. [1] In the case of NC-AFM, the AFM tip approaches the surface closely but does not contact to the surface directly. The tip feels an attractive force which is much weaker than the repulsive force. The cantilever oscillates at the near resonant frequency with a certain oscillation amplitude.
When the attractive force changes during the scanning of the tip on the surface, the frequency of the cantilever shifts accordingly. Since the frequency shift can be measured very precisely, one may follow the surface roughness. The tip apex is just hovering or keeps a distance with negligible contact to the sample surface, which 
Au region
Si region C a n t i l e v e r
Si region C a n t i l e v e r Fig.3 a NC-AFM image of a Au/Si sample. 3.5x3.5 μm 2 , Figure 4 shows the frequency shift during the scanning of the X-ray. When we fixed the AFM tip apex above the Au region and measured the X-ray energy dependency of the cantilever deflection, a frequency shift peak appeared above the Au L 3 X-ray absorption edge. On the other hand we could not observe any peak when the tip was fixed on the Si region. We moved the NC-AFM tip all around the sample surface and repeated the experiments on different regions. Figure 5 shows bundles of spectra The peaks always appeared just at the Au L 3 absorption edge when the tip was fixed above the Au regions, while no peak was observed above the Si region. This demonstrated the possibility to modify the cantilever deflection by means of X-ray with its energy around the absorption edge, which leads to a new method to identify the element by NC-AFM measurements. Discussion
